Objective: To assess the number of portions of fruit and vegetables consumed daily by a large representative sample of older men, and to determine how blood antioxidant (vitamins E, A and carotenoids) concentrations vary with fruit and vegetable consumption. Design: Cross-sectional study of free-living men. Subjects: Men aged 55 ± 69 y (dietary data, n 1957; blood data, n 1874) participating in Phase III (1989 ± 1993) of the Caerphilly and Speedwell Collaborative Heart Disease Studies. Methods: Dietary data were obtained by semi-quantitative food-frequency questionnaire and blood samples were analysed for antioxidant vitamins. Men were subdivided into groups on the basis of portions per day of fruit and vegetables. Within these sub-groups, mean and 95% ranges of intakes and of blood antioxidant levels were obtained. Log transformations were performed where appropriate. Results: Only 4.3% of the men met the recommended target of ®ve portions, while 33.3% of the men consumed one or fewer portions of fruit and vegetables per day. Those men who consumed the poorest diets with respect to fruit and vegetable intakes were more likely to be from lower socio-economic classes, drink more alcohol and be current smokers. Fruit and vegetable intake re¯ected plasma concentrations of antioxidants, which showed a dose ± response relationship to frequency of consumption. Conclusions: Older men in the UK consume much less fruit and vegetables than current recommendations. Major dif®culties are likely to be encountered in trying to meet a dietary target that is clearly much higher than the fruit and vegetable consumption of large sections of the older population in the UK. Sponsorship: This work was supported by the Medical Research Council.
Introduction
Accumulating data point toward a major role for diet in the development of a range of chronic diseases including ischaemic heart disease (IHD). One of the most consistent ®ndings from epidemiological studies is that people who consume higher amounts of fruit and vegetables have lower risk of IHD and stroke (Law & Morris, 1998) and various cancers (Weisburger, 1991; Hertog et al, 1996) .
In 1991, the US Government (United States Department of Health and Human Services, 1991) , following similar recommendations by the National Cancer Institute and the National Research Council, published national health and disease prevention objectives which included an objective to increase consumption of fruit and vegetables to ®ve or more daily servings. Although this objective was based on amounts of fruit and vegetables required for a balanced diet, it is considered to be consistent with the weight of fruit and vegetables consumed daily by Mediterranean populations. The latter was judged to be 400 gaday of fruit and vegetables, equating to ®ve daily servings of around 80 gaday (Cox et al, 1997) , and was set as a dietary goal by both the World Health Organisation (1990) and the Scottish Diet Report (1993) .
In general, the`at least ®ve portions of fruit and vegetables per day' target of various reports emphasizes green and yellow vegetables and citrus fruits, includes pulses and nuts, and excludes potatoes. This target is also considered by some (Ames et al, 1993) to be consistent with the epidemiological evidence of desirable intakes of antioxidants. Surprisingly, there appear to be little data on the actual average number of portions of fruit and vegetables consumed by the UK population or sub-groups therein and how such consumption might affect blood antioxidant concentrations.
In this report, we present data, from a large representative population sample of older men, on the number of daily portions of fruit and vegetables consumed and blood concentrations of tocopherols, retinol and carotenoids. We examine these antioxidant measures in the men in the cohort who consumed an average of ®ve or more portions of fruit andaor vegetables per day and we compare these same measures among three groups of men who consumed less fruit andaor vegetables per day.
Methods

Cohort
The Caerphilly cohort of 2512 men, aged 45 ± 59 y of age, had been identi®ed in 1979 (Caerphilly and Speedwell Collaborative Heart Disease Studies, 1984) . Surviving members of the cohort have been re-examined every 5 y since then. This report is based on dietary data (from 1957 men) and blood data (from 1874 men) collected in the Phase III re-examinations (1989 ± 1993) when the men were aged 55 ± 69 y.
Clinical examinations
Each man was invited to attend an afternoonaevening clinic. General social and medical data were collected including occupation (to give social class), smoking history, alcohol consumption, a cardiovascular symptom questionnaire, blood pressure and an electro-cardiograph. Details of methods are given elsewhere (Caerphilly and Speedwell Collaborative Heart Disease Studies, 1984; Elwood et al, 1993) . Every part of the Caerphilly Cohort Study was submitted to the Mid Glamorgan Ethics Committee, and given approval.
Dietary data
At the time of booking for a clinic attendance, each man was given a self-administered, semi-quantitative, 56-item food-frequency questionnaire and asked to complete this with help from his partner if he had one. In the clinic, each questionnaire was checked through by a dietitian. From these questionnaires, the usual number of portions of fruit and vegetables consumed on a daily basis by each man was determined.
Blood samples
Each man attended an early morning clinic for venepuncture after an overnight fast. The blood samples were taken, plasma and serum prepared, and aliquots were stored at À70 C for short periods before transportation to the laboratory in batches under dry-ice.
Retinol, tocopherols and carotenoids were analysed by the method described by Thurnham et al (1988) . The laboratory participates in the Micronutrients Measurement Quality Assurance Program of the National Institute of Standards and Technology (NIST, Gaithersburg MA, USA). Expired plasma samples from the British Blood Transfusion Service were used as additional quality controls, and stability samples from the European Prospective Investigation of Cancer (EPIC) study were run in conjunction with quality control samples so that data could be compared with group means. Control samples were analysed at the beginning and end of each run. The intra-batch coef®cients of variation (CVs) for retinol, a-tocopherol and g-tocopherol were 3.6%, 5.2% and 12.4%, respectively. For the carotenoids, intra-batch CVs were between 4.3% and 11.7%.
Statistical methods
The men in the cohort were subdivided by the numbers of portions of fruit and vegetables which their dietary records indicated that they usually consumed each day. While ®ve or more portions per day is of particular interest, the number of men consuming this (85) was relatively small. While intakes and blood levels etc are shown in the tables for these men, all estimates of trends and of statistical signi®cance were based on an amalgamation of this group with the men who consumed four portions per day.
The tables show means and 95% ranges. These have been calculated from the distributions, with log transformation in the case of variates, the distributions of which departed signi®cantly from gaussian. The probability levels shown are based on F statistics, derived from analyses of variances.
Results
There were 2154 men in the cohort at the time of the Phase III examinations. Dietary data are available for 1957 (91%) Daily portions of (95% range): fruit and vegetables 5.6 7 2.8 1.3 18.6 (5.0 ± 7.1) (4.7 ± 6.5) (2.2 ± 3.9) (0.3 ± 1.9)`0.0001 fruit only 2.9 2.4 1.3 0.4 16.7 (1.1 ± 4.6) (1.1 ± 3.9) (0.1 ± 2.4) (0.0 ± 1.3)`0.0001 vegetables only 2.7 2.3 1.5 0.9 39.1 (1.1 ± 4.1) (1.0 ± 3.6) (0.6 ± 2.7) (0.5 ± 1.7)`0.0001
Weekly portion of (95% range): apples 5.3 4.8 3.0 0.9`0.0001 18.8 (1 ± 7) (0 ± 7) (0 ± 7) (0 ± 4) pears 2.2 1.6 0.9 0.3`0.0001 18.8 (0 ± 5) (0 ± 5) (0 ± 5) (0 ± 3) oranges 4.2 3.5 1.6 0.6`0.0001 17.1 (0 ± 7) (0 ± 7) (0 ± 7) (0 ± 4) bananas 3.5 3.5 1.9 0.7`0.0001 20.0 (0 ± 7) (0 ± 7) (0 ± 6) (0 ± 4) tinned fruit 1.2 0.9 0.6 0.3`0.0001 33.3 (0 ± 4) (0 ± 4) (0 ± 3) (0 ± 2) fruit juice 3.8 2.8
Weekly portions of (95% range): carrots 4.6 3.7 2.4 1.3`0.0001 35.1 (0 ± 7) (0 ± 7) (0 ± 6) (0 ± 4) other roots 3.2 2.5 1.5 0.8`0.0001 32.0 (0 ± 6) (0 ± 6) (0 ± 5) (0 ± 3) onions 3.3 2.9 1.8 1.0`0.0001 34.5 (0 ± 7) (0 ± 7) (0 ± 5) (0 ± 3) pulses 1.6 1.3 0.9 0.6`0.0001 46.2 (0 ± 4) (0 ± 4) (0 ± 3) (0 ± 3) greens 6.1 5.3 4.1 2.6`0.0001 49.0 (3 ± 7) (0 ± 7) (0 ± 7) (0 ± 7) Only 85(4.3%), 298 (15.2%), 1007 (51.5%) and 652 (33.3%) of the men ful®lled the criteria of consumption of ®ve or more, four or more, two to three and one or less portions, respectively, of fruit and vegetables (excluding potatoes) per day ( Table 1 ). The small number of men consuming ®ve or more portions per day led to relative instability of estimates of dietary intakes and blood concentrations in this group. Statistical analyses, therefore, were undertaken on the combined group of men who consumed four or more portions, and this combined group was compared with consumers of two or three, and consumers of one or less portions of fruit and vegetables per day.
The descriptive data of the men in the four subgroups de®ned by frequency of consumption of fruit and vegetables are given in Table 1 . Differences among the three groups (which underwent statistical analyses) in age are trivial and, although the differences in body mass index (BMI) are statistically signi®cant, they are relatively small. The groups differed greatly in their smoking habit. Only 14% of the men with the highest fruit and vegetable intakes (four or more portionsaday) were current smokers, whereas 42% of the men with the lowest intakes (one or less portionsaday) were current smokers. Similarly, social class showed differences with 37% of the men with the highest intakes being in nonmanual (I, II and III non-manual) social classes, compared with 28% of the men with the poorest intakes of fruit and vegetables. Household composition was also different: only 7% of men with the highest consumption (four or more portionsaday) lived alone, whereas 12% of men with the lowest consumption of fruit and vegetables lived alone. Table 2 shows the daily fruit or vegetable portions consumed by the men. Apples followed by oranges and bananas were the fruits consumed most commonly, while fruit juice also made substantial contributions to the total amounts of fruit consumed. Greens followed by carrots and onions contributed to the total amounts of vegetables consumed by these men. Intakes of`fruit only' and`fruit and vegetables' by the`1 or less per day' group were less than 20% of the amounts consumed by the higher intake groups (four or more per day).
Blood concentrations of antioxidant vitamins are given in Table 3 . All measures, apart from g-tocopherol concentration, were signi®cantly higher in the higher fruit and vegetable consumers. Concentrations of a-carotene and bcryptoxanthin in the group which consumed the lowest amounts of fruit and vegetables were less than 50% of those in the higher intake groups. The exclusion of men on supplements had very little impact on blood antioxidants. Nevertheless, a disproportionately large number of men in the higher fruit and vegetable consumption groups took supplements: 6 out of 85 consuming ®ve or more portions; 21 out of 213 consuming four to ®ve compared to only 1 out of 149 men who were consuming less than one portion of fruit and vegetables per day.
Discussion
The Caerphilly cohort of older men has been extensively studied since the project's inception in 1979. One of the main strengths of the present study is that the data have been derived from a representative population sample. Caerphilly, in South Wales, is a typical industrialaresidential area, though the social class distribution suggests that there may be somewhat of a bias towards the manual occupations.
The food-frequency questionnaire (Yarnell et al, 1983 ) used in the present study was designed to assess habitual food intake, and was considered to be the most costeffective and feasible method of assessing fruit and vegetable consumption in such a large cohort. The men were asked to complete the questionnaire with the help of their partners or whoever prepared meals for them. Questionnaires were checked carefully at interview by a nutritionist or a dietetic student.
It is recognized that dietary data should be interpreted with care (Black et al, 1993) . However, notwithstanding the well-known limitations of all dietary assessment methods, a notable feature of the reported food intake of this representative cohort of older men is the low percentage (4.3%) who complied with current dietary recommendations of ®ve or more portions per day of fruit and vegetables (excluding potatoes). Furthermore, it is readily apparent that the daily diets of many of the men fall very far below current dietary recommendations with a third consuming one or less portions of fruit and vegetables per day. In the dietary and nutritional survey of British adults (Gregory et al, 1990) , similarly low intakes of fruit and vegetables were reported by the lowest quartile (with respect to fruit and vegetable consumption) of men aged 16 ± 64 y. The intake of fruit and vegetables, however, reported by those men in the highest quartile was equivalent to 5.6 portionsa day (Billson et al, 1999 ).
In the current study, all of the plasma carotenoids measured (b-carotene, a-carotene, lutein, lycopene, a-cryptoxanthin and b-cryptoxanthin) were much higher (40 ± 60%) in the sub-group consuming four or more portions of fruit and vegetables than in the sub-group with the lowest intake, and each carotenoid showed an apparent dose ± response relationship with fruit and vegetable consumption. This positive association between fruit and vegetable intake and plasma carotenoids is consistent with the results of a randomized controlled trial, where the intervention group was asked to consume eight servings of fruit and vegetables a day (Zino et al, 1997) . In another trial, Cao et al (1998) found that increasing fruit and vegetable consumption increased a-tocopherol concentrations of subjects in a metabolic study.
Unfortunately, our blood letting protocol did not allow us to measure reliably concentrations of plasma vitamin C. Serum vitamin C and b-carotene (Drewnowski et al, 1997) , lutein and lycopene (Scott et al, 1996) have been used previously as biomarkers of fruit and vegetable intakes. However, Thurnham et al (1998) have argued that plasma lutein might be the best indicator as it has a relatively longer half-life compared with b-cryptoxanthin and b-carotene (Rock et al, 1992) , and may give a better re¯ection of longer-term intake of fruit and vegetables. Notwithstanding the problems associated with measuring fruit and vegetable intake accurately, and confounding factors such as bioavailability, our data appear to suggest that the blood antioxidant measures used in the current study are relatively robust indicators of fruit and vegetable consumption.
It has been proposed that high fruit and vegetable intake might be a proxy for other, perhaps more important, lifestyle factors (Marshall, 1995) . It is possible that high fruit and vegetable consumption might simply appear protective because people who eat ®ve or more portions of these per day are likely to smoke fewer cigarettes and be more medically and nutritionally aware than those whose diet is poor in fruit and vegetables (Serdula et al, 1996) . It is very dif®cult to disentangle dietary factors from other lifestyle factors in chronic disease causation, especially given the aforementioned dif®culty in measuring habitual dietary intake and the dif®culty in assessing the importance of exposure to a causal factor that may extend back many years. Nevertheless, high intakes of fruit and vegetables generally, but not always (Soball et al, 1992) , tracks with other healthy dietary and lifestyle indicators and there is little doubt that this overall healthy pattern is strongly associated with lower risk of chronic disease. Perhaps, interaction of health bene®ts from such a lifestyle pattern may help to explain why clinical trials using one or two isolated antioxidant nutrients have yielded such disappointing, and in some cases alarming, results with respect to lowering of risk of chronic disease (The Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study Group, 1994; Hennekens et al, 1996) . Lifestyle factors that have been shown to impact on plasma antioxidants include alcohol intake, smoking habits, socio-economic status and BMI. For example, Fukao et al (1996) have shown that serum b-carotene concentrations were modi®ed by both alcohol consumption and smoking independently after adjusting for age, intake of b-carotene, BMI and cholesterol levels. In addition, Bates et al (1999) have shown that plasma b-carotene, b-cryptoxanthin, lutein, lycopene and a-tocopherol were strongly negatively correlated with increasing socio-economic status and with north-south gradients in Great Britain. Similarly, in the Caerphilly cohort, all of the measured carotenoids (except lycopene with socio-economic status) were negatively correlated with socio-economic status, smoking and alcohol intake (Mulholland et al, 1999) . Plasma retinol, a-tocopherol and g-tocopherol were also higher in the higher social classes and retinol and a-tocopherol were negatively correlated with smoking whilst retinol and g-tocopherol were negatively correlated with alcohol intake (Mulholland et al, 1999) .
Any intervention to try to increase frequency of fruit and vegetable consumption in large populations consuming intakes similar to the men in this study, will, undoubtedly, present major dif®culties. Although Cox et al (1998) have demonstrated that intensive interventions to increase fruit and vegetable consumption can be successful, with approximately 65% of the intervention group reaching the ®ve-per-day target, it remains to be established whether such an intervention would be as effective in a representative population group.
In conclusion, the major ®ndings from this study are that many of this representative sample of older men consume much less than current recommendations for fruit and vegetable intake. This may have major implications for the feasibility of compliance with current dietary recommendations by vulnerable sections of the UK population. Fruit and vegetable intake re¯ected plasma concentrations of antioxidants, which showed a dose ± response relationship to frequency of consumption. The men who achieve, or who are close to achieving, the recommended daily levels of fruit and vegetable intake are apparently different from the others in the cohort and especially different from those with the poorest diets with respect to fruit and vegetable intakes. Relatively more of them are nonsmokers, a high proportion are in the upper social classes and relatively fewer live alone. They also drink less alcohol and have higher body mass indices than those who consume the least fruit and vegetables per day. We intend to investigate, in due course, the implications of these ®ndings in terms of disease risk.
